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ABSTRACT: This invention relates to an improved low-pass 
active, elliptic-function filter. One state ofinefiHerlCTdes a i 
twtn-T, RC network having an in put terminal, an output ter- f 
minal and a feedbackjenninal.yrhe output terminal is con- 
nected to ground through a capacitor; the input terminal is 
connected to ground through a capacitor; and the feedback 
terminal is connected to the output terminal of a noninvertmg 
amplifier having a gain greater than or equal to unity. The \ 
inp ut terminal of the amplifier is connected to the out put Tj^T] 
^inajoXthe twin-T networ k. The source of incoming signals is 
connected through a resistor to the input terminal of the twin- 
T network. The filter can be made to include two or more 
stages connected in tandem combination. 
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ACTIVE FILTER 

BACKGROUND OF THE INVENTION 

. In the processing of seismic signals, for example, it is desired 
that each amplifier in' each low-pass filter stage have' a gain 
nearly equal to unity. Unity gain is desired for the amplifier of 
each seismic low-pass filter stage because the incoming 
seismic signals have an extremely large dynamic amplitude 
range. Consequently, when using a unity-gain amplifier in 
each filter stage, the permissible amplitude of the incoming 
seismic signals without appjgciable distortion can b e as large 
as the permissible amplitude of the output signals. " "~ 

SUMMARY OF THE INVENTION 

An active, tow-pass, elliptic-function filter is provided, Each 
stage of the filter includes an amplifier, having a gain nearly . 
equal to unity, and a RC, twin-T network. A positive feedback 
path is provided between the amplifier and the twin-T net- 
work. A capacitor is coupled from the output terminal of the 20 
twin-T network to ground. 

The source of signals t o be transmitted thro ugh the filter is 
connected in series with ajesist or to the input terminal of the 
twin-T network of the first stage. A capacitor is coupled from 
the input terminal of the twin-T network of the first stage to 25 
ground. 

The filter stages are selected and connected in tandem com- 
bination so that the filter maintains a near-unity gain in its pass 
band and a very high rate of attenuation after its cutoff 
frequency. 

The gain of the first filter stage is near unity at the beginning 
of its pass band and gradually decreases to its cutoff frequen- 
cy. The gain of the second stage is near unity throughout its 
pass band, except that it exceeds unity prior to reaching its cu- 
toff frequency. The gain of the third stage is near unity 35 
throughout its pass band, except that it exceeds unity prior to 
reach ing its cutoff frequency. 

In this manner, the resultant gain of the filter remains nearl 
equal to unity throughout its pass band, and the resultant gai: 
has an extremely sharp, rate of attenuation af ter its cutol 
frequency in the transition bandTThe resultant gain remain: 
highly attenuated in ij^top_band. 
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FIG. 1 shows a preferred embodiment of the filter in ac- 
cordance with this invention; and 
FIG. 2 shows gain vs. frequency curves for the filter of FIG. 

1. 

In FIG. 1, the filter, generally designated as9, includes an 59 
input filter stage which is generally designa ted* as 10. Filte r 
stage 10 has a t ransfer function with three poles and t wozeros 
and includes a three terminal, t win-T, RC_ network 12 h aving 
"an in put terminarr4,"an~out pin^terminari 6, and a feedback 
terminal 18. Coupled between the output terminal 16 and 55 
grounded terminal 20 is. a capacitor 22. Coupled between 
input terminal 14 and ground 20 is a capacitor 24. Th e input 
terminal 26 of an amplifier 28 is connected Jo terminal 16 ." 
The output terminal 30 of amplifier 28 is connected to ter- 
minal 18 through a fee dback path 32 . 60 

Amplifier 28 has a gain near unity and is noninverting, i.e., 
the polarity of its output signal is the same as the polarity of its 
input signal. For some applications amplifier 28 may have a 
gain greater than unity. A source 34 of input signals is applied 
to input terminals 36 and 20 of filter stage 10. C onnected 65 
between termi nals 36 an3'l4 is a resistor 40. Twin-Thetwork 
12 includes resistors 42, 44, 52 and capacitors 46, 48, and 50, 
arranged as shown. 

. Filter stage 10 has three poles and two zeros. By suitably 
selecting the values of the RC circuit elements, the poles and 70 
zeros can be positioned to achieve desired gain versus 
frequency response curves. A particularly u^ful gain vs. 
frequency response curve can >e> obt ained wh jejCffittr_jp is 
used as the inputstagc.of a tandem combi nation of a numbe r 
of filter stages, where thjs Wm BeT is^ preferarjlythree. 75 



Thus, a second filter stage 50 and a third filter stage 60 are 
connected in tandem combination witn input stages 10. Stages 
SO and6 0may be identical to each other except for the values 
o fthe RC circuit elements employed!uSe tein. Each of stages 
50 and 60 preferably. ha s two poles and two zero s. To. facilitate 
the exposition andjp mdic ate~si milarity.lidentic^parW 
throughout the'filter stages are assigned the.same.reference 
characters. 

Each of stages 50 and 60 inc ludes a twin-T, RC network 12, 
an amplifier 28, a capacitor 22 connected between output ter- 
minal 16 and ground 20, and a feedback path 32 between the 
output 30 of amplifier 28 and feedback terminal 18. 

Referring to FIG. 2, in order to achieve a gain for combined 
filter. 9 which is substantially fiat and near-unity (0 db.), 
throughout its pass band, it is essentia) that the gain of the first 
filter stage 10 should not exceed unity throughout its pass 
band. The cutoff frequency (-3db. frequency) of stage 10 is 
significantly smaller than the cutoff frequencies of the second 
and third stages 50 and 60. The second stage 50 is provided 
near the. end of its pass band (the band up to the cutoff 
frequency) with a peak gain appreciably greater than unity. 
The third stage 60 has a peak gain near the end of its pass band 
which is also appreciably greater than unityTand, preferably, 
greater than the peak gain of the second stage 50. 

The resultant gain of the combined filter 9 (which is ob- 
tained by adding in db. the individual gains of filters 10, 50 
and 60) has a relatively flat, near-unity gain throughout its en- 
tire pass band and ap extremely sharp rate of attenuation from 
the pass band to the stop band. — 

In one embodiment with filter 9 having seven poles and six 
zeros, the attenuation in the stop band was on the order of 80 
db., the transition band was one octave, and the ripple in the 
pass band was less than 0. 1 db. 

While specific curves and values have been described and il- 
lustrated it will be apparent to those skilled in the art that 
variations may be made therein Without departing from the 
scope of the invention as defined in the claims appended 
hereto. 

I claim: 

1. A low-pass active filter, said filter including a first stage 
having three piles and two zeros comprising: 

a twiri-f network having an input terminal, an output ter- 
minal and a feedback terminal; 

a first capacitor connected between said output terminals 
and ground; 

a second capacitor connected between said input terminal 
and ground; 

an amplifier having an input terminal and an output ter- 
minal; 

means connecting the output terminal of said amplifier to 
said feedback terminal; 

means connecting the input terminal. of said amplifier to 
said output terminal of said network; and 

a resistor having a first terminal and a second terminal, 

said second terminal being connected to the input terminal 
of said network and said first terminal receiving the signal- 
to be filtered. 

2. The filter of claim 1 wherein said twin-T network in- 
cludes resistors and capacitors. 

3. The filter of claim 2 wherein said amplifier has a positive 
gain. 

4. The filter of claim 1 and further including a second filter 
stage connected in tandem combination with said first filter 
stage, said second stage comprising: 

a twin-T network having an input terminal, an output ter- 
minal and a feedback terminal; 

an amplifier having an input terminal and an output, ter- 
minal; 

means connecting the output terminal of said amplifier to 

the feedback terminal of said network; 
means connecting the output terminal of said network to 

the input terminal of said amplifier, 
a capacitor connected between the output terminal of said 

network and ground; and 
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means connecting the output terminal of the amplifier in 
said first filter stage. to the input terminal of the twin-T . 
• network in said second filter stage. . 

5. The filter of claim' 4; wherein the. twin-T network in said 
second stage includes resistors and capacitors. 

6. The filter of claim 5 wherein the amplifier in said. second 
stage has a positive gain. 

7. The. filter of claim 6 and further including a third filter 
stage, said third stage comprising: 

a twin-T network having ah input terminals, an output ter- 
minal and a feedback terminal; 

an amplifier having an input terminal and an output ter- 
minal; 

means connecting the output terminal of said amplifier to 

the feedback terminal of said network; 
means connecting the input terminal of said amplifier to the . 

output terminal of said network; 



a capacitor connected between the output terminal of said 

network and ground; and 
means connecting the output terminal . of the amplifier in 

said second filter stage to the input terminal of the twin-T 

network in said third stage. 

8. The filter of claim 7 wherein said twin-T network in said 
third stage includes resistors and capacitors. 

9. The filter of claim 8 wherein the amplifier in said third 
stage has a positive gain. 

10. The filter of claim 9 wherein each of said amplifiers is 
nontnverting. 

11. The filter of claim 10 wherein each of said second and 
third filter stages has two poles and two zeros. . 

12. The filter of claim I I wherein the resultant gain versus 
frequency, response has an attenuation greater than 70 db. in 
its stop band. 
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